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ABSTRACT 

To  appreciate  the  need  for  interlock  devices 
on  a  cable  logging  y  order  3  one  must  understand 
the  principle  of  the  interlocking  drums  on  the 
yarder  itself.    This  paper  is  designed  to  promote 
this  understanding  and  discuss  some  of  the 
mechanics  of  good  interlock  design. 
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INTRODUCTION 


An  "interlock"  on  a  cable  logging  yarder  is  not  a  new  device — 
it  dates  back  to  the  early  steam  skidders .    Many  loggers,  recalling 
the  operation  of  "interlocking  the  main  and  haulback  drums,"  may 
wonder  why  the  interlock  has  returned  as  such  a  popular  and  much- 
discussed  subject  in  logging  equipment  circles.     The  primary  reason 
is  the  introduction  of  a  new  and  popular  skyline  system,  the  running 
skyline,  which  can  benefit  greatly  from  a  well-designed  interlock 
device  in  the  system's  yarder. 

The  running  skyline  (fig.  1)  is  a  versatile  cable  yarding  sys- 
tem well  suited  to  today's  logging  job.     The  configuration  consists 
of  a  haulback  (which  also  serves  as  a  skyline),  a  main  line,  and  a 
slackpulling  line.     A  distinguishing  feature  is  the  arrangement  of 
the  haulback  line.     With  good  control  of  the  tensions  and  line  speeds, 
this  arrangement  provides  slack  skyline  characteristics  for  raising 
and  lowering  the  carriage  and  the  capability  for  either  uphill  or 
downhill  yarding.    With  adequate  deflection,  all  lines  in  the  system 
provide  lift  at  the  carriage.     Only  a  single  block  needs  to  be  rigged 
at  the  tailhold.     The  main  and  slackpulling  lines  provide  opportunity 
to  use  relatively  simple  designs  for  either  grapples  or  tagline 
feeding  type  carriages.     Although  these  are  characteristics  of  the 
cable  configuration,  they  rely  heavily  on  good  yarder  design  which, 
in  the  case  of  a  running  skyline,  is  equally  dependent  upon  a  well- 
designed  interlock  device. 


THE  NEED  FOR  INTERLOCKING 

The  dual  function  of  the  haulback  line  (serving  as  skyline  as 
well  as  haulback)  provides  the  increased  versatility  and  lifting 
capabilities  of  the  running-skyline  system;  however,  it  reintroduces 
the  historical  interlocking  problem  into  yarder  design.     This  problem 
has  become  more  critical  in  running- sky line  yarder  design  because  of 
the  system's  unique  cable  configuration  and  operation. 

Proper  functioning  of  the  running-skyline  system  depends  upon 
maintaining  the  desired  tension  in  the  haulback  line  to  control  the 
vertical  and  horizontal  positions  of  the  carriage.     Since  the  haulback 
terminates  on  the  carriage,  the  tension  in  this  line  creates  a  resis- 
tance against  inhauling  the  system.     Therefore,  the  main  power  supply 
must  not  only  meet  the  requirement  for  bringing  in  a  turn  of  logs  but 
also  overcome  the  resistance  of  the  haulback  line.     This  additional 
power  (proportional  to  the  haulback  tension  times  carriage  speed)  is 
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not  lost  directly  but  shows  up  in  the  haulback  drum  where  line  is  being 
pulled  off  under  tension.     If  a  retarding  brake  provides  this  tension, 
the  power  is  dissipated  in  the  brake  and  lost  in  the  form  of  heat. 
Depending  on  line  speeds  and  tensions,  several  hundred  horsepower  could 
be  wasted  at  this  point  while  the  operator  attempts  to  keep  the  haul- 
back  taut  with  the  retarding  brake.     Since  this  power  is  supplied  at 
the  main  drum,  it  is  not  hard  to  conceive  of  situations  where  all  the 
power  supplied  to  the  main  drum  is  dissipated  at  the  haulback  brake 
and  little  is  left  to  bring  in  the  log.     However,  if  this  power  could 
be  conserved  at  the  haulback  drum  and  made  available  to  the  main  drum 
drive  system,  it  could  reduce  the  input  power  required  at  the  main 
drum.    A  device  to  accomplish  this,  be  it  hydraulic,  mechanical,  or 
electrical,  is  known  as  an  interlock. 
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THE  INTERLOCK  PROBLEM 


The  "interlock  problem,"  as  expressed  by  the  yarder  designer,  is 
the  need  for  a  device  to  recover  the  horsepower  potentially  wasted  at 
one  drum  (e.g.,  in  the  haulback  drum  during  inhaul)   and  make  it  avail- 
able as  a  power  supply  to  other  drums  in  the  yarder  drum  set  (such  as 
the  main  line  and/or  slack-pulling  drums).     The  details  of  such  a 
device  are  influenced  by  the  tension, 

T,      and  1  ine  speed,    \/  .  The 
interlock  problem  can  best  be  discussed  in  terms  of  these  variables 
and  how  design  requirements  are  related  to  them. 

The  power  flow  to  or  from  a  yarder  drum  can  be  expressed  as  the 
product  of  the  tension  on  the  line  and  the  speed  of  it,  namely, 

HP  (hp)     =     (  T,  lb)     (V,  ft/min)  /    (33,000  ft-lb/min/hp)  . 

Figure  2  depicts  these  variables  and  shows  how  they  relate  to  the 
torque  and  drum  speed  through  the  drum  radius;  two  important  points 
are  the  direction  of  power  flow  and  the  relationship  between  power 
magnitude,  torque,  line  tension,  line  speed,  drum  speed,  and  drum 
radius.     With  the  algebraic  sign  convention  adopted  in  figure  2,  power 
flow  to  the  drum,  from  a  power  supply  such  as  an  engine,  would  be 
indicated  when  cable  is  wound  onto  the  drum  (e.g.,  the  main  drum  dur- 
ing inhaul) .     The  flow  of  power  is  reversed  when  line  is  removed  from 


Figure  2 .--Yarder  drum  schematic. 
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the  drum  by  some  external  force  (such  as  the  carriage  pulling  line  off 
the  haulback  drum  during  inhaul) .     With  line  running  off  the  drum,  power 
is  flowing  into  the  drum  from  the  cable  and  must  be  dissipated  in  a 
brake  or  passed  on  (through  an  interlock)  and  made  available  to  do 
useful  work  elsewhere.     This  concept  of  power  flow  into  or  out  of  a 
drum  is  important  to  an  understanding  of  the  interlock  problem. 

To  examine  the  interlock  problem  further,  consider  the  hypothetical 
running-skyline  systems  depicted  in  figures  3  and  4 — one  without  and 
the  other  with  interlocking  capability.     Consider  the  power  require- 
ments of  the  noninterlocking  design  (fig.  3).    During  inhaul,  with  the 
system  tensioned  to  provide  lift,  the  engine  will  provide  power  to  the 
main  drum  to  bring  in  the  load  of  logs  and  overcome  the  resistance  of 
the  haulback  against  the  carriage.     The  power  overcoming  the  usually 
larger  haulback  tension  enters  the  haulback  drum  and  is  dissipated  in 
the  brake  being  used  to  retard  the  drum  and  develop  the  tension.  As 
an  example  of  the  power  dissipated  in  this  brake,  a  haulback  tension 
of  20,000  lb  and  a  line  speed  of  1,000  ft/min  would  cause  a  loss  of 
over  600  hp  at  this  point.     This  sacrifice  is  necessary  to  maintain 
this  tension  and  line  speed  with  a  brake  on  the  haulback  drum. 
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Figure  3. — Running  skyline  system  without  interlock. 
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Figure  4 . --Running  skyline  system  with  interlock , 
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Now  consider  the  design  of  figure  4  in  which  interlocking  the 
haulback  and  main  drums  has  been  accomplished  by  simply  meshing  the 
bullgears  of  the  two  drums — the  engine  still  supplies  the  power  to 
bring  in  the  load  of  logs;  however,  the  power  necessary  to  overcome 
the  haulback  tension  is  recovered  in  the  haulback  drum  and  made  avail- 
able to  the  main  drum  through  the  meshing  bullgears.     This  results  in 
a  direct  saving  of  600  horsepower.     The  advantages  of  efficient  inter- 
locking should  be  readily  apparent  in  this  simple  example.  Unfortun- 
ately, practical  restrictions  make  this  configuration  unworkable  as 
will  be  discussed  in  the  next  section. 


THE  INTERLOCK  DEVICE 


At  this  point  it  almost  seemed  that  the  designer  had  his  solution 
to  the  interlock  problem  with  the  configuration  presented  in  figure  4. 
However,  further  consideration  will  show  this  arrangement  to  be  inade- 
quate and  will  serve  to  point  out  the  operating  details  that  complicate 
the  interlocking  device. 

The  interlock  arrangement  presented  in  figure  4  has  the  character- 
istic that  while  the  bullgears  are  meshed,  the  angular  speed,    UJf  of 
the  main  drum  and  haulback  drum  are  directly  proportional,  namely 

W    ■     =  n  , 

mam  haulback 

where    n  is  the  gear  ratio  between  the  two  bullgears.     If  the  gear 
ratio  is  one  to  one,  the  drums  will  rotate  at  the  same  speed  but  in 
opposite  directions.     Such  an  arrangement  would  allow  line  to  spool 
onto  the  main  drum  at  the  same  rate  it  is  leaving  the  haulback  as  long 
as  the  drum  radii  on  the  two  drums  remain  equal  or  at  least  propor- 
tional.    This  is  important.     If  the  drums  are  rotating  at  the  same 
speeds  but  the  radii  vary,  the  arrangement  shown  in  figure  4  cannot 
control  the  relationship  between  the  main  line  and  haulback  line  speeds; 
and  control  of  the  carriage  location  is  lost.     Therefore,  the  arrange- 
ment of  figure  4  will  successfully  transfer  the  horsepower;  however, 
it  has  no  capability  to  independently  control  line  speeds . 

The  requirement  for  an  interlock  device  to  not  only  transfer 
power  but  also  provide  for  control  of  the  relative  main  and  haulback 
line  speeds  is  important.     To  understand  the  interlock  problem  or  the 
features  of  any  interlock  device,  one  must  recognize  this  problem  of 
line  speed  control.     To  emphasize  the  problem  further,  consider  the 
drum  radius  ratio     T main/    T  haulback*     Unless  there  is  only  one  wrap 
on  each  drum,  this  ratio  will  change  as  the  position  of  the  carriage 
changes  and  cable  builds  up  on  one  drum  while  being  removed  from  the 
other.     If  n    is  constant,  as  it  would  be  with  the  meshing  bullgears 
of  figure  4,  the  ratio  of  the  line  speeds  will  go  up  and  down  in 
proportion  to  the  radius  ratio  (fig.  5).     For  example,  consider  the 
line  speeds  that  would  be  experienced  with  a  yarder  design  where 
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Gear  ratio  n=1.25 


Figure  5. — Line  speed-radius  and  gear  ratio  relationship. 


varies  from 

0.8,  carriage  at  tailhold 


1.25,  carriage  at  landing. 

For  a  steady  main  line  speed  of  1,000  ft/min,  figure  5  shows  that 
1,250  ft/min  of  haulback  is  leaving  the  drum  when  the  carriage  is  near 
the  tailhold,  causing  the  system  to  sag;  but  when  the  carriage  nears 
the  landing,  the  haulback  line  will  travel  too  slowly,  800  ft/min, 
causing  the  cable  system  to  tighten.     In  other  words,  there  is  no  con- 
trol of  carriage  position  or  system  tension  with  the  configuration  of 
figure  4.     This  may  be  acceptable  in  special  cases;  however,  in  general, 
this  arrangement  will  be  unsatisfactory. 


n  =1.0  and  the  radius  ratio 
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Consider  the  most  likely,  desired  operating  condition  of  main  line 
speed  approximately  equal  to  the  haulback  speed  at  all  carriage  loca- 
tions.    This  condition  is  represented  in  figure  5  by  the  dotted  line 
showing  the  velocity  ratio  equal  to  1.0  for  the  full  range  of  radius 
ratios.     If  this  condition  is  to  be  maintained,  the  gear  ratio  must 
vary  (from  n    =1.25  to  n   =0.8  for  the  previous  example)  as  the 
radius  ratio  changes  with  the  carriage  traveling  from  tailhold  to 
landing.     Figure  6  shows  such  an  arrangement  and  a  device  which 
functionally  interlocks  the  two  drums  in  the  same  way  the  meshing 
bullgears  did  but  in  addition  can  vary  the  gear  ratio,    n  >  between 
them.     The  box  contains,  by  definition,  an  interlock  device.  Its 
function  may  be  accomplished  electrically,  hydraulically ,  mechanically, 
or  by  some  combination  of  these  systems.     The  system  may  require 
power  or  dissipate  power  or  do  both  while  performing  the  interlocking 
task.    Whatever  the  design,  the  function  will  be  the  same,  namely,  to 
transfer  power  from  one  drum  to  another  in  a  usable  and  controllable 
form. 
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Figure  6. — Running  skyline  system  with  variable  gear  ratio  interlock , 


CLASSIFICATION  OF  INTERLOCK  DEVICES 

For  this  discussion,  interlock  devices  will  be  classified  into 
three  categories: 

1.  slipping  clutch, 

2.  planetary  interlock, 

3.  direct  drive  interlock. 

It  should  be  emphasized  that  this  classification  is  made  only  for 
the  convenience  of  discussing  the  interlock  devices  that  exist  or  have 
been  proposed.     It  would  be  presumptuous  to  consider  these  categories 
to  be  all  inclusive,  since  many  new  and  innovative  interlock  devices 
are  almost  certain  to  be  developed.     As  the  needs  and  benefits  of 
interlocking  become  more  clear,  creative  thinking  in  this  area  of 
yarder  design  will  surely  be  stimulated. 
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In  discussing  the  essential  features  that  distinguish  these 
categories  of  interlocking  devices,  the  schematic  representation  shown 
in  figure  7  is  convenient.     This  figure  depicts  the  flow  of  power  in 
the  yarder  system  to  the  main  drum,  }  from  the  haulback  drum,    H3^  , 

and  power  supply,  r~Fg>  and  also  how  they  are  related  through  the  inter- 
lock device.     The  discussion  is  limited  to  the  inhaul  operation  to 
avoid  potentially  confusing  details  and  to  simplify  the  schematics, 
particularly  in  the  slipping  clutch  arrangement.     The  power,   hPj   ,  is 
meant  to  represent  the  power  supplied  (or  lost)  directly  to  (or  from) 
the  device  for  the  interlocking  task.     The  use  of  this  power  will 
become  more  clear  as  individual  categories  are  discussed. 


SLIPPING  CLUTCH 


Figure  8,  displayed  in  the  same  format  as  figure  7,  expresses  the 
important  details  of  the  slipping-clutch  interlock.     Conceptually,  this 
interlock  device  is  the  simplest  and  therefore  the  easiest  to  comprehend. 

Interlock 


Main 


Haulback 


Figure  7. — Schematic  of  interlock  yarder. 
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Figure  8. — Slipping  clutch  interlock. 


9 


As  an  aid  to  understanding  the  operating  principle  of  this  type 
of  interlock,  recall  the  function  of  the  meshing-bullgear  interlock 
proposed  earlier.     The  objectionable  feature  of  that  device  was  that 
if  the  main  and  haulback  line  speeds  were  equal  at  the  tailhold  during 
inhaul,  the  haulback  drum  would  be  going  slower  than  the  main  drum 
and  thus  a  gear  ratio  of  n  >  1  would  be  required  to  keep  the  bull- 
gears  meshed.     Yet  at  the  landing,  relative  drum  speeds  would  require 
n  <    1.     Therefore  without  a  mechanism  to  vary     PI  ,  the  configuration 
is  unworkable.     The  mechanism  presented  in  figure  8  deals  with  this 
problem  by  using  gear  ratios  so  designed  that  the  right-hand  plate  of 
the  slipping  clutch  is  always  going  as  fast  or  faster  than  the  left- 
hand  plate.     With  this  arrangement,  the  left-hand  plate  can  always  be 
driven  at  the  necessary  speed  by  the  right-hand  plate  and  power  can 
be  transmitted  in  the  process.     Of  course,  power  is  always  being  dis- 
sipated at  the  slipping  surface  of  the  clutch  except  when  the  two 
clutch  plates  are  rotating  at  the  same  speed  (the  "lock  point") .  This 
power  loss,   hP|    ,  is  proportional  to  the  product  of  torque  on  the 
clutch  face  and  the  difference  in  speed  of  the  two  plates.    A  typical 
plot  of  power  loss  versus  carriage  position  for  this  type  of  device 
is  shown  in  figure  9.     The  magnitude  of  this  power  loss  would  depend 
upon  the  design  variables  affecting  torque  and  drum  speeds,  namely 
tension,  line  speed,  and  the  radii  developed  as  the  cable  packs  onto 
the  drums . 


10 


PLANETARY  INTERLOCK 


This  category  of  interlocks,  shown  in  figure  10,  employs  an 
arrangement  of  gears  known  as  planetary  or  epicyclic  gearing.  The 
mechanical  details  relating  the  torques  and  speeds  of  such  an  arrange- 
ment can  appear  confusing;  however,  the  functional  features  are  easily 
understood.     The  planetary  gear  train  can  be  used  to  control  the  rela- 
tive speeds  of  an  input  shaft  and  an  output  shaft  by  regulating  the 
speed  of  a  third  shaft.    As  an^ interlock  mechanism,  it  can  control  the 
relative  speeds  of  US^  and  IV  ft  by  regulating  the  third  shaft,  U/i  • 
This  clearly  meets  the  general  requirement  of  an  interlock  device  and 
accounts  for  the  use  of  planetaries  in  many  of  the  interlock  yarders 
being  manufactured  today. 

The  planetary  does  not  eliminate  the  requirement  for  the  power 
supply  (or  loss),     hPj  .     Since  speed  and  torque  are  required  on  this 
third  shaft,  there  must  be  a  means  of  supplying  or  removing  power  at 
this  point.     The  designer  can  accommodate  this  power  requirement  with 
a  hydraulic  or  electric  motor  or  dissipate  the  power  in  brakes  depend- 
ing upon  the  overall  design.     One  way  to  provide         is  through  a 
hydrostatic  transmission  where,  by  proper  design,  the  overall  configura- 
tion will  operate  with  no  power  loss  except  through  the  inefficiencies 
of  the  transmission  itself.     Interlock  yarders  of  this  design  are 
presently  operating  in  the  logging  industry. 
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DIRECT  DRIVE  INTERLOCK 


The  third  category  of  interlock  devices  is  shown  in  figure  11. 
A  discussion  of  this  direct  drive  concept  illustrates  the  principles 
of  interlocking.     The  concept  of  this  type  of  interlock  can  be  simply 
explained  if  the  components  are  taken  as  hydraulic  pumps  and  motors 
as  found  in  a  hydrostatic  transmission.     Eor  example,  directly 
connected  to  the  haulback  drum  would  be  a  hydraulic  pump  capable  of 
receiving  all  the  power  flowing  from  this  drum  during  the  inhaul 
operation  shown.     The  pump  would  have  variable  displacement  capability, 
controlled  externally  by  a  swashplate  angle,  &  ,  so  that  power  flow 
to  or  from  this  pump  could  be  regulated  regardless  of  the  speed  of 
the  drive  shaft  coming  from  the  haulback  drum.    During  inhaul,  the 
main  drum  would  be  driven  by  the  prime  mover  and  the  hydraulic  motor. 
In  this  configuration,  the  prime  mover  would  supply  the  power  to  yard 
the  logs  and  overcome  losses  at  other  points  in  the  system.     In  such 
a  system,  the  haulback  cable  tension  is  proportional  to  the  pressure 
in  the  hydraulic  unit,  and  the  relative  drum  speeds  are  proportional 
to  the  fluid  flow  controlled  by  the  pump  displacement.     Of  course, 
controls  for  such  a  device  can  become  complicated;  however,  concep- 
tually it  should  be  clear  how  this  arrangement  provides  a  straight- 
forward solution  to  the  interlocking  problem. 


EJ  Clutch 

Figure  11. — Direct  drive  hydraulic  interlock. 
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CONCLUSIONS 


The  need  for  and  advantages  of  interlocking  the  main  and  haulback 
drums  of  a  running-skyline  yarder  to  conserve  power  are  apparent.  The 
conceptual  details  of  three  fundamental  interlock  devices  were  examined 
to  illustrate  how  interlocking  can  be  accomplished.    A  final  design 
would  use  one  or  a  combination  of  these  arrangements  for  conserving 
power . 

Beyond  this  ability  to  conserve  power,  an  important  feature  of 
any  such  device  is  its  controllability.     The  regulation  of  tensions 
and  line  speeds  for  positioning  the  carriage  is  a  direct  function  of 
the  interlock  control.     Control  characteristics  are  of  major  importance 
when  distinguishing  the  advantages  and  disadvantages  of  an  interlock 
design. 

In  conclusion,  we  hope  this  paper  has  promoted  an  understanding 
of  and  an  appreciation  for  the  interlock  problem.     It  should  be  clear 
that  the  scope  of  this  paper  was  limited  to  a  description  of  the  prob- 
lem and  the  basic  conceptual  features  of  interlocking  device  designs. 
Further  discussion  of  the  problem  and  design  alternatives  perhaps 
would  be  enhanced  by  mathematical  analysis,  which  was  purposely 
avoided  in  this  paper.     However,  a  sequel  is  planned  in  which  the 
details  of  the  interlock  problem  will  be  discussed  more  thoroughly. 
Such  a  paper  will  be  directed  more  to  the  control  features  and  the 
quantitative  aspects  of  an  interlocking  device. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address: 

Pacific  Northwest  Forest  and  Range 

Experiment  Station 
P.O.  Box  3141,  Portland,  Oregon  97208 


GPO  990-939 
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The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 


